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In this paper the indications of the 1972 report of the club of Rome about the relationship between environment and 
economic growth are reviewed and compared to the  ideas debated nowadays on the same topic. The implications of the stages of 
growth approach and of the economic growth models are considered. Market failure has a central role when the environment is 
considered. Hence the main problems of policy design and evaluation and their implications for international cooperation, as studied 
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1. The environmental problems awareness  
 
It is astonishing to discover how distant was the world, even the world of science, from 
perceiving environmental problems before the publication of “The Limits to Growth”. In the field 
of economics, this lack of awareness is betrayed by sentences - taken from authoritative texts -  such 
as the following: “The weather is clearly an exogenous or non-economic variable, affecting 
individual choices but unaffected by them” (Graaf, 1957, p. 6), “Rainfall affects the economy but is 
not affected by the economy” (Klein, 1962, p.16). 
This reassuring vision of the world was shaken by the alarm that the authors of the “Limits to 
growth” launched in 1972 “If the present growth trends in world population, industrialization, 
pollution, food production and resource depletion continue unchanged, the limits to growth on this 
planet will be reached sometime within the next one hundred years.” (p. 23). The huge debate that 
followed this provocative book and the today perspective on the future will be reviewed in this 
paper, but it is important to recognize from the beginning that the “Limits to Growth” represented a 
turning point. It took, however, more than thirty years to reach a consensus in the science 
community about the fact that environmental problems represent a decisive challenge for the 
mankind in the near future and that there is the need of a prompt reaction. The implications of the 
problems involved jumped to the attention of the public opinion in 2006, when the Stern Review 
was published. This study forecasts a 5°C increase in the average temperature in this century, with 
partial melting of polar caps, expansion of the sea water, more strong and dangerous tropical 
storms, the elimination of a significant fraction of the world’s species, and draughts causing mass 
people migrations. While the Stern Review was criticized by some experts
1, the very authoritative 
Global Environment Outlook GEO4, 2007, is not much more reassuring, since, e.g., the forecasted 
average temperature increase over this century ranges between 1.8 and 4°C.  
The today more widely shared environment awareness, which, while not yet translated into 
proper political action, is promising for the future, is well evident in the award of the 2007 Nobel 
peace prize to the IPCC (the UN's Intergovernmental Panel on Climate Change) and to Al Gore. 
The echo of the alarm launched by the club of Rome clearly resounds in the 2007 Nobel lecture by 
Al Gore “In the last few months, it has been harder and harder to misinterpret the signs that our 
                                                 
1 The critiques pertain to a bias toward relying on the most pessimistic sources. Specific points have been raised with 
reference to the estimates of costs of doing nothing or of interventions. See, e.g., Nordhaus, 2006 and Tol, 2006.   3
world is spinning out of kilter. (…..) The very web of life on which we depend is being ripped and 
frayed.” 
 
2. The main messages of the club of Rome report 
 
The main purpose of the club of Rome - gathered around Aurelio Peccei -  was that of 
integrating contributions from many fields (science, politics, industry and business). The club 
commissioned a research in order  to reach a unified view of the status and the perspectives of the 
world and of human kind. While this approach was often imitated afterwards, mainly in the reports 
released by international organizations, no latter contribution ever reached such a  powerful 
synthesis and  such a huge impact. 
The report aims at speaking at “our generation”, i.e., at the people in general. This on the one 
hand is a factor of strength (since ultimately it’s people that can change the course of events) but on 
the other it is also an element of weakness, since the report does not indicate any direct political 
counterpart to activate. In fact the report underlines that “Entirely new approaches are required to 
redirect society toward goals of equilibrium rather than growth. Such a reorganization will involve a 
supreme effort of understating, imagination and political and moral resolve”, p.23. 
The club of Rome report is remarkable also as a clear example of the contribution that System 
Dynamics can give to improve our knowledge of the functioning of natural and social systems. The 
“Limits to Growth” is based on a world model (World 3), which was updated through time by the 
authors and which stimulated progresses in designing more advanced dynamic models in the same 
vein. An important message that is conveyed by this approach is that social and byophisical systems 
are characterized by thresholds, time-lags and feed-back loops. Thresholds represent points of 
sudden and sometimes irreversible change triggered by natural events or human activities, such as 
the collapse of on iceberg. Moreover, the natural and social systems often continue to change even 
if the forces that caused the initial change are removed. For example, even if the emissions of 
greenhouse gases would be stabilized at nowadays levels, increases in temperature due to these 
emissions would continue for years, due to lags in the materialization of the effects and to 
feedbacks. Consider, e.g., that rising temperatures increase melting of snow and ice, reducing 
surface reflectance and increasing solar absorption, thus raising temperature further, even after the 
stabilization of the original stimulus. Another clear example of long lasting effects is provided by 
ozone depleting substances (ODS). World emissions decreased over the last 20 years, but the “hole” 
over the Antartic in the stratospheric ozone layers that protect us from harmful radiations is now 
larger than ever and is estimated to recover only by 2060-2075.   4
The perception of the earth as a quasi-closed system, that has no "outside" in which garbage 
could be put or from which new resources could be taken, was certainly eased by the space 
exploration that gained momentum in the 60es. Boulding
2 speaks of the necessity of passing from a 
"cowboy economy", characterized by reckless, exploitative and romantic adventures in illimitable 
plains to the idea of a "spaceman" economy in which the earth is a spaceship to carefulluy maintain 
through continuous recycling. The club of Rome report was able to communicate such ideas to the 
general public. 
An important contribution of the “Limits to Growth” is also the appeal to find solutions to the 
equity problems in the relationship between developed and developing countries, as a needed 
precondition for launching an effective policy to face the environmental problems. The authors 
claim that the developed world, which imposed a huge toll on the environment during the process of 
its economic development, has the main responsibility in initiating the needed corrections, and in 
assisting the economic development in the other parts of the world. The distributional issues are in 
fact strictly interlinked with environmental problems. The very idea of a sustainable economic 
development incorporates an equity principle, with reference to a fair distribution of welfare among 
generations. 
While these basic messages of the club of Rome report can be considered quite up-to-date 
even nowadays and such as to command a large consensus, other messages are more obsolete or 
more divisive. As will become clear in the following, many critiques addressed the fact that the 
World3 model rests on quite strong assumptions, since it is assumed that the stock of  natural 
resources has only outflows, while the possibilities of recycling or regeneration are overlooked. 
With reference to food production, for example, arable land is assumed as a fixed stock subject to 
continuous erosion and with declining productivity. The consideration of regeneration techniques 
might suggest a more optimistic view
3. 
A second critical point is the emphasis on active birth control as the main policy option 
available for preventing the trespassing of the limits, and also for giving rise to beneficial side 
effects on equity, since population growth is an overwhelming problem for poor countries: “we are 
further convinced that demographic pressure in the world has already attained such a high level, and 
is moreover so unequally distributed, that this alone must compel mankind to seek a state of 
equilibrium in our planet” (The Limits to Growth, p. 191). With reference to population growth, one 
must on the one hand recognize that the forecasts of the report turned out to be about correct when 
compared with nowadays data. On the other hand, however, the authors probably did not perceive 
the perspective huge long term impact of the so called “demographic transition”, i.e., the change 
                                                 
2 See Boulding, 1966. 
3 See Saeed, 1998.   5
from high birth and death rates, to low birth and death rates, due to various factors (income growth, 
education, improvements in women conditions, etc.). Demographic transition reduced the fertility 
rate in many countries, leading to reduce, stop or even reverse the population growth. The 
demographic transition should be completed toward the middle of this century at the world level. In 
the countries that already experienced it other problems – not foreseen by the report – emerged, in 
terms, e.g., of sustainability of welfare and pension systems, mass immigration from outside with 
the related social problems, etc. Developing countries who introduced compulsory birth control will 
experience similar problems in the near future, and are also suffering nowadays from sex-ratio 
imbalance. At any rate, the appeal to active policies for birth control was certainly a divisive 
message from the outset, particularly if interpreted as a basis for introducing compulsory birth 
limitation policies. 
Another feature of the “Limits to Growth” that cannot command a general consensus, even if 
it too certainly deserves respect and attention, is the aspiration at a kind of stationary status. On the 
one hand this aspiration is grounded on the results of the research. The authors deem that, in order 
to avoid trespassing the limits, it is necessary to stabilize the world system, with constant population 
and capital, in order to maintain its dynamical equilibrium. The sooner interventions are initiated, 
the more appealing the equilibrium that can be reached. In the authors’ opinion: it is possible “to 
establish a condition of ecological and economic stability that is sustainable far into the future. The 
state of global equilibrium could be designed so that the basic material needs of each person on 
earth are satisfied and each person has an equal opportunity to realize his individual human 
potential” (p.25). Besides the technical issues, there are at any rate also philosophical and moral 
considerations that support the preference of the report for a “moral development” as opposed to a 
material one. The steady or even the stationary state appears as desirable not only to avoid the clash 
against the physical limits, but also as a favourable environment for enlarging the time devoted to 
leisure and to creative activity aimed at improving the quality of life. From this point of view the 
report seems inspired by a philosophy of rational humanism, as suggested also by the quotations 
from John  Stuart Mill and from Bertrand Russel. Some critiques to the “Limits to Growth” are 
likely to have been stimulated on their turn by opposite philosophical views, based on a more open 
and optimistic vision of all the possible directions of human progress.   6
 
 
3. Economic development and the EKC curve 
 
The core of the provocation contained in the “limits to Growth” pertains to the asserted 
technical incompatibility of economic development with the limits stemming from the natural 
environment. This is due, according to the report, on the one hand to the growing demand for 
materials and energy that is generated by economic development, on the other to the growth of 
waste byproducts and pollutants. The increasing extraction of natural resources and the disposition 
of wasteful materials would in the near future exceed the capacity of the biosphere and worsen the 
environment, causing a declining welfare of human beings or even disruptive and disastrous events. 
This pessimistic view has been opposed by those who deem that the economic progress can 
also provide the means for fixing the problems that it origins. As far as the availability of resources 
is concerned, it is often quoted a humorous sentence attributed to Sheikh Zaki Yamani, a  former 
Saudi Arabian oil minister “The Stone Age did not end for lack of stone, and the Oil Age will end 
long before the world runs out of oil.” From a more general perspective, a famous supporter of  an 
optimistic view said that “The strong correlation between income and the extent to which 
environmental protection measures are adopted demonstrate that in the longer run the surest way to 
improve your environment is to become rich.” (Beckerman, 1992, p. 496). 
A large stream of scientific research has tried to clarify the complex relationship between 
economic growth and the environment. From the empirical point of view, much has been written 
about the so called environmental Kutznes curve (EKC). The idea is that the relationship could have 
a bell shape or inverted U shape, with pollution firstly increasing and then declining as the economy 
grows. The reference to Kutznes is due to the studies made by this author with reference to a 
different problem, i.e., the relationship between economic development and inequality, which led to 
consider a curve of this type, since economic development might in the early phases exacerbate the 
differences in incomes, while in further phases inequality often decreases.  
What can justify an EKC relationship? At the beginning of the growth process 
industrialization, that spurs the income growth, also involves the use of dirty technologies
4. 
Moreover, urbanization creates on its turn problems of waste disposal, water pollution etc. The way 
out from this stage involves changes both from the supply side and from the demand side. From the 
former point of view technology improves and becomes more clean. Moreover, services expand - 
nowadays their contribution to GDP is much larger than that of industrial production in advanced 
                                                 
4 No abatement of pollution is also likely to occur at very low income levels, as all resources are devoted to increase 
output and consumption.  For a survey of the theoretical literature on the EKC curve and a discussion of its 
compatibility with the empirical evidence see Bartz and Kelly, 2008.   7
countries - thus reducing the impact of economic growth on the environment. From the demand 
side, it has been stressed that environmental quality represents a luxury good. Hence richer people 
are likely to have a larger willingness to pay for environment friendly activities both in the market 
and in the public sector, through the channel of taxes. 
According to this approach pursuing the economic development is compatible with aiming at 
a high environment quality. The policy prescriptions that ensue vary from the idea that both goals – 
economic development and environment protection - deserve active interventions, to the 
observation that they can be delinked, to the most extreme formulations in favour of unconditional 
support for economic development, seen as a precondition for improving also the environment, 
while anticipating environmental policies might instead introduce long lasting hindrances to 
economic development. These policy implications might have provided justifications for the 
negative attitudes often shown by the US and by many developing countries with respect to the 
international initiatives for curbing environmental problems, such as the Kyoto protocol. 
 
3.1 The empirical tests of the EKC curve 
 
The difficulty in testing the EKC approach  stems from the problem of finding suitable 
complete and long term indicators of the environmental quality. From this point of view it is very 
important to distinguish many types of pollution. A first case pertains to pollutant that hit the 
members of households or the personnel of firms as a consequence of the technologies employed 
for performing the activities of these entities. As long as  both the benefits and the costs of 
interventions aimed at improving the environmental quality are internalized in these units, 
economic growth can certainly push toward an improvement of the environmental quality. 
Much more difficult is the case of pollution that arises through externalities, such as air or 
water pollution. In these cases it is well known that a market failure problem arises, since the 
private entities that produce the pollution do not pay for it. Hence government intervention might 
prove beneficial. Since, however, some of these problems consist of global externalities (consider 
e.g. the emissions that deplete the stratospheric ozone layers or the greenhouse gases whose impact 
affects the climate), national governments cannot face the threat alone and an international approach 
is needed. 
The empirical analysis pertaining to the EKC gives some support to the idea that the 
economic development mitigates the “internalized” pollution problems, but has often no or even 
negative effects upon global externalities. For example Galeotti (2007) reports in a survey that for 
specific air quality indicators there is evidence of an EKC. However, when global air quality 
pollutants are considered, there is no evidence of an EKC or the turning point of the curve is far   8
beyond the relevant interval (i.e., implausibly high income level should be reached in order to 
induce a pollution reduction). This problem is exacerbated  by the distance that separates 
developing countries from any realistic turning point. Many other studies surveyed by Galeotti, with 
reference to water pollution, solid waste disposal, deforestation etc. give similar or even worse 
results, suggesting that the relationship might be in same cases N shaped, i.e. with pollution 
increasing again with income at some point.  
A kind of EKC relationship is supported also by the results reported in the Global 
Environment Outlook GEO4, 2007. All the scenarios examined in that study imply that the rate of 
environmental change slows down or even reverses towards the middle of this century, but the 
cause in this case does not rests on the (direct) benefits of economic development but mainly on the 
completion of the demographic transition. While this is a reason for hope, the peak rates and the end 
point of change differ strongly among scenarios. Some scenarios involve greater risks of sudden 
rather than gradual changes, with the danger of collapses and of heavy side effects in many areas. 
The relationships between economic development and environment quality can also be 
assessed by looking at the status of the environment in developed countries, where the benefits of a 
larger wealth should motivate a stronger ecological concern. The picture, however, is mixed. GEO4, 
2007 acknowledges that Europe has partially succeeded in decoupling economic growth from 
pressure on resources. Nevertheless, also contrasting signals can be found. For example, emissions 
of GHGs from the energy sector, declining since 1987, have increased since the end of the 1990s 
because of a larger resort to coal in electricity production. 
Thus the empirical evidence is mixed, and also the theoretical analysis indicates that one 
cannot  fully rely on some kind of automatic adjustment in the field of the environmental problems 
caused by economic development. Consider, e.g., the stages of growth approach. It is by no means 
granted that the new technologies are always cleaner. Moreover, the production and consumption 
choices are motivated also by  factors such as price shocks, physical shortages etc., that might cause 
swings also in the wrong direction, as the example of the return to large coal usage shows, or might 
suggest the adoption of technologies that are contentious form the political and even from the 
ecological point of view, such as nuclear energy. 
Also with reference to the idea that demand factors should turn out to be environment 
friendly, one must also take into account the working of the political or market mechanisms that 
respond to the demand pressure. If income growth is not accompanied by the growth of democracy 
and participation, the demand for a cleaner environment  might not find its way to producing results 
in the public sphere. The development of the activities of the environmental organizations and the 
progresses in the social responsibility of firms are also likely to remain ineffective in contexts in 
which the rule of law does not apply.   9
The approach based on the EKC curve must thus be critically assessed. On the one hand, it 
certainly helps in avoiding catastrophist attitudes, since it shows that there are factors that help in 
reconciling economic development and the environment. On the other hand, it can by no means be 
taken as a justification for passivity. In fact, even if one can envisage turning points at which a 
larger income sustains an improvement of environment indicators, there is no guarantee that the 
damages suffered meanwhile are not so large as to justify more early remedies. Hence active 
policies for the environment are at any rate badly needed. 
 
4. Can we rely on the benefits of endogenous economic growth? 
 
The EKC approach mainly aims at finding a regularity in the data, and at providing 
interpretations of the findings. An alternative approach – which is the one actually followed in the 
Limits to Growth and in many other subsequent studies- is to build a theoretical model that 
describes the relationships between the relevant variables and to study their interactions. In 
“neoclassical” economic growth models economic development depends on the growth of labor and 
of capital. While the economy obeys to the law of decreasing returns (i.e., by adding further capital 
or labor production increases less and less), the technical progress can displace upward the 
relationship through time, thus increasing accordingly the productivity of resources. In this 
framework there is a clear trade-off between boosting the economic development and protecting the 
environment, since the latter is negatively affected by both the population and the capital growth, 
which are instead beneficial from the point of view of economic development. 
A key feature of modern economic development theory is, instead, the consideration that there 
might be increasing returns somewhere in the economy. This might be the case for human capital 
(whose productivity can be enhanced by education, that exerts positive externalities on subsequent 
generations, who can accelerate their progress when starting from a rich cultural heritage) or for the 
technological progress itself (in which cumulative beneficial processes can arise thanks to an initial 
investment). This approach weakens the dependence of economic development on an increasing 
availability of natural resources, since  growth can be endogenous. If the technological progress 
allows the pollution to output ratio to fall enough, long-run positive sustainable growth can be 
achieved (see Aghion and Howitt, 1998).  
Is the perspective of a decreasing intensity of the pressure of economic activity on the 
environment realistic? If we consider for example the emissions of greenhouse gases, the emission 
intensity, i.e. the amount of emissions per unit of GDP historically dropped
5, due to efficiency 
                                                 
5 Emissions of greenhouse gases, according to GEO4, 1997, have instead increased by 70% between 1970 and 2004, 
because increases in income per capita and population have outweighted decreases in energy intensity.   10
increases in production and to favourable substitution of energy sources, even if locally there were 
also some moves in the opposite direction. The decline arose globally
6 at an average rate of 1.5% 
over the period 1980-2004. The overall CO2 intensity is expected to drop further by 44% by 2030 
with respect to 2004 levels (with an annual average drop of 2.2%). Developing countries should 
experience larger intensity drops, a process already observed in China. This trend, however, is not 
sufficient to reach a target largely agreed upon in the scientific community,. i.e., stabilizing the CO2 
concentration level at 450 PPM
7 (550 PPM including non-CO2 GHGs). In order to reverse the 
increasing trend of emissions in 2020 the yearly drop in intensity should, however, be slightly 
above 3% , with a larger effort required in developing countries. This would imply some negative 
effects on economic development, which are generally held to be small
8.  
 
4.1 The danger of shocks and lock-in effects 
 
Even within the more encouraging perspective suggested by the endogenous growth models, 
there is another side of the coin. For example, if in a country human capital investment of the last 
generation was sufficiently high – for whichever reason, like, e.g., the contact with information and 
culture from outside - individuals are likely to invest even more in human capital and the economy 
grows faster. On the contrary, a country might be stuck in a poverty trap if human capital 
investment of the last generation was too low. There is thus a “path dependency”, which implies the 
possibility of vicious circles or of isteresis of the effects of negative shocks. The natural 
environment is clearly a potential source of shocks, and its deterioration exacerbates the likelihood 
of extreme events. This potential danger for the economy is larger when there are institutional 
rigidities that slow the reaction to shocks. The more divided is the society (according to ethnical, 
religious or cultural cleavages), the more unequal is the income distribution, the larger the danger of 
a late and slow reaction to shocks. 
The problem of the negative economic consequences of environmental disasters seems 
nowadays particularly severe for developing countries. In their economy often a large share of GDP 
derives from natural resources, agriculture or tourism, i.e., from sectors very vulnerable to natural 
events. An IMF study (IMF, 2003) finds that large scale natural disasters have occurred around 
every 20 years in developing countries over the 1977-2001 period, with an average negative impact 
on GDP of -2.7% to -5.8% in the most recent (1997-2001) period, during which the highest number 
of disastrous events also occurred. The impact of shocks on income and growth can be very 
                                                 
6 Data on the emission intensity reduction in the past and projections for the future are taken from Timilsina, 2007. 
7 PPM stands for Parts per Million and refers to the number of CO2 molecules for every one million of molecules of dry 
air. 
8 On this issue also see Section 5.1.   11
significant, particularly if part of the infrastructure is destroyed and/or if the shock is long lasting. 
The negative effects arise in terms of less human capital and of less technical progress. The 
economic miracle of East Asia in recent years is mainly due to the ability to reach a stable growth 
rate, avoiding the frequent downturns that characterized many developing countries. Shocks 
increase the income variance and reduce the probability of exiting from poverty traps.  
Path dependency can play a relevant role also in shaping the geography of the world. 
Economies of agglomeration imply that only some areas of the land concentrate the population. 
Phisical or economic concentration is equivalent to a lack of diversification, with the risk that the 
effects of disruptive events deriving from the climate change are magnified. Path dependency also 
implies lock-in effects, that in some circumstances prevent the possibility of undertaking effective 
environmental policies. For example, in areas with low population density, the higher demand for 
mobility may generate a demand for car transport and for roads that locks in the area into having an 
underdeveloped collective transportation system, which would be more environment friendly. Lock-
in effects might, on the other hand, sometimes also produce some beneficial effects. For example 
the specialization in producing electricity through nuclear power in France, which involved huge 
investments in long-lasting plants, locks-in that country with respect to shifting to alternative 
technologies, but actually contributed to keep down the greenhouse gas emissions. 
Summing up, modern economic theory suggests that the idea of an unavoidable clash of 
economic development with the physical limits of the world is flawed. Neither we can rely, 
however, on some automatic mechanism that protects us from the possibility of such a clash. The 
important role of shocks and of lock-in effects suggests that early mitigation and anticipative 
adaptation policies with respect to climate and environmental changes are called for, since this can 
help in avoiding traps and in diluting the burden of interventions over time.  
 
4.2 Market signals  
 
The market signals that should work in order to favor adaptation to the consequences of a 
worsening environment and mitigation of the negative ecological effects of economic activities are 
mainly represented by prices. The “Limits to Growth” recognizes that prices might have a role, but 
this appears as not sufficient to avoid the clash with the exhaustion of resources. In a later book 
(Meadows et al., 2004) written by some members of the same research team, it is underlined that 
environmental problems give rise to market failures. Moreover, market reactions and technological 
progress might have timing problems that imply that they do not respond soon enough to ecological 
crises. Market and technology are means for pursuing the ultimate goals of human kind, and if these   12
are characterized just by greed and exploitation – states the updated version of the Limits to Growth 
- they will not prevent the clash with the limits. 
Looking at the experience of the last 40 years in order to asses these assertions, it turns out 
that prices did have in general a very important role in pushing toward a reduction of the potential 
damages of economic growth on the environment. This occurred mainly in terms of stimuli to the 
resort to more clean energy sources. Moreover, nowadays, food prices signal the trade-off in land 
use (production of bio-fuels versus food production). Prices thus also provide a good starting point 
for assessing the cost effectiveness of environmental political choices. However, the dynamic of 
prices is in general distorted by many factors, which include the dependence of basic markets (such 
as that of energy) on political factors, the relevance of distortionary government interventions 
(particularly in the food market), the presence of barriers to international exchanges, the effects of 
price bubbles induced by financial factors. Hence the message of prices has been certainly muddy, 
and such as to give rise also to interpretations going in the opposite direction with respect to that of 
a greater ecological concern. For example the forty years long decline in food prices has suggested 
that the pessimistic predictions about the possibilities of the earth of sustaining a growing 
population were largely misguided. A similar interpretation has been suggested with reference to 
the long phases of declining real oil and raw materials prices. As is well known, both the prices of 
raw materials and those of food nowadays point mainly upward, but nevertheless the many 
disturbing factors mentioned above render it difficult to disentangle the long term message that they 
convey, and the response - in terms of reallocation of investments toward more environment 
friendly technologies  - do not yet materialize as much as necessary. Moreover, sudden price 
increases imply painful distributional effects on the poor and the danger of macroeconomic crises. 
Clearly  - and notwithstanding the apparent contradiction - both less governmental intervention 
(whenever it is distortionary and substitutable with other instruments) and more governmental 
intervention (when there are true market failures to fix) would be needed. 
With reference to pollution the problem stays in the fact that the unfetterd market does not 
charges prices, even if they might be useful as a rationing divise. Of course one could consider that, 
as long as the scarcity of resources bytes, the problem of emissions deriving from the use of 
resources should be automatically kept at bay. It is, however, by no means granted that scarcity 
occurs in such a measure as to solve the pollution problem, as Sinn notes in a provocative paper: 
"The perils of global warming could be large enough to make everyone think back wishfully to the 
low estimates about remaining resources given by Meadows et al." (Sinn, 2007, p.8), that is a larger 
than forecasted availability, e.g., of oil, might imply that the oil price risks of being for long periods 
too low to keep emissions at bay.   13
 
 
5. Global policy problems and opportunities 
 
Biodiversity, natural environment, global climate can be conceived as global public goods, 
that contribute to consumption and to production. Even citizens who never get in touch with forests 
or with polar caps are benefited by them and can enjoy because of their mere existence. Public 
economics tells us that public goods involve a market failure, since it is impossible to exclude from 
the benefits those who do not pay for them. In the words of the Stern report, the carbon dioxide 
problems are “the greatest and widest-ranging market failure ever seen”. 
The impossibility of extracting payments from users of public goods in exchange for the 
provision is a severe obstacle to the private supply. Government intervention is the standard 
prescription, while, however, also voluntary provision from the private sector and from non for 
profit organizations can have an important role. Moreover, public intervention can span many 
policy alternatives, more direct (such as public production, public provision, regulation) or more 
market-oriented (subsidies, taxation, cap and trade schemes, etc.). With reference to pollution 
problems, in the last decades, much of the debate on instruments for government intervention has 
centred on the use of market-based incentives (MBI) mechanisms as opposed to command and 
control approaches (CAC). In CAC regulatory mechanism, the regulator usually specifies a 
technology or emission standards with the aim of controlling the substances that can contribute to 
pollution (Ellerman, 2005). The problem with CAC mechanisms is that they do not abate pollution 
efficiently. The marginal cost of control is high for some firms and low for others, since a uniform 
regulation treats all firms the same way. Moreover, command and control approaches do not 
encourage polluters to do any better than the law demands. Among economists there is near 
unanimity in preferring market-based incentives (MBI) since they encourage firms to abate 
pollution more efficiently.  Among MBIs, the basic choice faced by policy makers concerns price-
based versus quantity-based instruments, or in other words, pollution taxes versus tradable permits
9. 
A prominent feature of global public goods is the fact that national governments lack the 
possibility of adopting effective policies, since there are spillovers on areas larger than single 
countries or effects that involve the whole world. Hence international agreements are a key element 
in order to implement proper action. 
A large body of literature has studied the welfare and game theoretic problems involved by 
this supranational dimension of environmental problems. From the, admittedly abstract, point of 
                                                 
9 The term tradable permit was developed in the pioneering work of Dales (1968). Dales proposed a market of tradable 
permits as solution to pollution problems in which the government grants pollution rights, that should be tradable for a 
certain period , and in which government acts as broker for the trade, monitoring the system.   14
view of a world government run by a benevolent global dictator, with a welfaristic objective and a 
concern for equity, it turns out that richer countries should bear a larger burden for financing the 
global public goods. Also forms of financement based on distortionary taxes that are applied in 
developed but not in developing countries can be justified in this framework, on the basis of an 
equity-efficiency trade-off (Sandmo, 2007). 
Even from the perspective of game theory, facing equity problems turns out to be a 
precondition for favoring international agreements. Many researches pertaining to the possibility of 
forming international coalitions to foster environmental policies and welfare have shown that 
transfers cannot be dispensed with in order the coalitions to be stable. The perspective that would 
secure the largest benefits in terms of economic growth and environment protection is represented 
by the so called “grand coalition”, i.e., the one that involves all the states of the world. Alternatives 
can be represented by smaller coalitions, which appear to be more likely and stable among countries 
with similar characteristics. On the other hand the benefits expected from the latter coalitions are 
much smaller than those stemming from the grand coalition or even from partial coalitions with a 
larger degree of heterogeneity, which, however, command larger transfers in order to be stable
10. 
 
5.1. The costs of interventions and the damages of doing nothing 
 
A recent review by the secretariat of UNFCC, 2007, finds that the additional investment and 
financial flows in 2030 to address climate change amount to 0.3 to 0.5% of global domestic product 
in 2030, a small amount in a global perspective but much larger than the currently available public 
and private funds for climate change. Other studies estimate a somewhat larger cost, due to the 
consideration of the free riding problems that might arise in organizing the needed effort
11. In this 
field spillovers are always very important. Consider, e.g., the effects of taxation policies aimed at 
reducing carbon emissions by raising the consumer price of fossil fuels. If this measure is applied 
only in some countries, the ensuing reduction in consumption might imply that a larger oil supply at 
lower prices becomes available for countries not adopting the taxes, thus boosting consumption 
there and reducing the global beneficial effects. Of course, free-riding problems and costs are kept 
at bay if there are effective international agreements that discipline the efforts. 
Huge difficulties in quantifying the economic effects either of doing nothing or of 
interventions are also largely due to the long term that must be taken into consideration, so that 
proper discounting should be applied. Most of the benefits of interventions will become fully 
available in the future, while interventions should begin soon. The smaller is the discount rate, the 
                                                 
10 For a review, see Bréchet et alii, 2007. 
11 See Bosetti et. al., 2007. Free riding refers mainly in this model to the reduction of research expenditures by countries 
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larger is the net gain that results and so the stronger the justification for an active environmental 
policy. There is, however, a debate among economist about the proper discount rate. According to a 
famous tradition, which includes Sen and Stern, dicounting future utility means discriminating later 
generations relative to earlier ones. Discounting might still be justified (as in the individual case) on 
the basis of the probability of not being live tomorrow, but  this, in the case of human kind, leads to 
account very small rates
12. In this perspective thus the priority of environmental policies with 
respect to other ones is strongly reinforced. 
A more prudential view is suggested by other authors
13, who deem that political decisions 
should reflect the ordinary attitudes of people with respect to discounting at market rates, a behavior 
that is compatible with altruism, since parents apply it with respect to investments whose returns 
will go to their children. Thus discounting would not be inequitable with respect to future 
generations. At any rate, the long term perspective unavoidably adds to the uncertainty of estimates, 
whichever the approach followed. 
Other difficulties in comparing the estimates of the benefits and costs in the environmental 
field are due to the various reference bases and criteria adopted by different sources. In fact a 
needed preliminary step toward good policy interventions is an improvement in the international 
discussion and coordination of methods of evaluation, an objective on which the major international 
organization are already working hard. These effort involves also innovations in national 
accounting systems, aimed at integrating standard GDP calculations with a more clear 
representation of the welfare effects of the environment changes due to economic activities. Many 
critiques to the myth of economic growth raised by the club of Rome report, and by 
environmentalists and economists, are addressed in fact to mistakes in economic and social calculus 
that occur when external effects are ignored. A correct informative basis is necessary to avoid any 
misconceived preference for growth at all costs and to give us freedom of choice in order to shape 
our lives and environment. 
The problems of assessing benefits and costs is huge also with reference to specific 
interventions, since one must evaluate external effects and public goods for which no market price 
is available. With reference to pollution, while measuring control costs is relatively straightforward 
(market exists in principle in which pollution control equipment can be bought, and such equipment 
will reduce pollution by measurable levels) the damages caused by an increase of ambient pollution 
or marginal benefits from a reduction in pollution concentration are much harder to measure. Lack 
of appropriate data (as well as empirical research evidence) makes it difficult to quantify 
environmental impacts and pollution social costs. 
                                                 
12 See Stern, 2006, p.47. 
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With reference to the environmental charges and taxes, for example, the lack of information 
on the damage levels and problems related to their measurement constitute serious obstacles to the 
practical implementation. Consider, for instance, taxes paid by road transport: in addition to the 
morbidity and mortality caused by vehicular emissions, road traffic leads to noise stress, loss of 
quality of life, water pollution etc. Often, road traffic damage is greater than the additional tax paid 
by road transport. Then, road transport may not pay for the social costs it generates. This may lead 
to a pattern of transport development which may be accompanied by excessive impacts on the 
environment and health. In response to these measurement obstacles, the economic literature has 
suggested some “second-best” approaches to policy designs which have appealing properties. Taxes 
should be set to achieve an acceptable standard rather than being based on the unknown value of 
marginal damage. 
A second example in which the evaluation of specific politicy intervention is nowadays 
highly debated is representeted by the subsidies to biofuels. The subsides to ethanol production in 
the US have been criticized from many points of view. If, in order to produce corn, some land is 
subtracted to other uses, this causes agflation, i.e., inflation in the prices of agricultural products. If 
new land is put in use, this is likely to involve deforestation, which contributes to global warming. 
Moreover, pesticides and fertilizers used in corn production affect the ecosystems. The 
consequences on global warming of using ethanol are deemed not to differ much from that of fossil 
fuels, while the transport of ethanol cannot be made in pipelines but instead requires other fuels. On 
the other hand, biofuels can help single countries or areas in reducing their dependence on oil 
imports. 
The second generation of bio-fuels (from field waste, crop residues, cellulosic biomasses) is 
not yet ready for mass production and its cost-effectiveness has still to be properly evaluated. The 
EU has included biofuels into its policy targets to raise the share of sustainable energy, but it is 
currently designing forms of certification to ensure their sustainability. 
 
5.2 The major steps in international cooperation 
 
A success story
14, at leas if one takes into account the huge difficulties of international 
cooperation, is that of the efforts to curb the emissions that deplete the ozone layer. The UN played 
a crucial role in spreading information about the damages of the CFCs (Chlorofluorocarbon gases), 
even in the early stages of the scientific achievements in the field. The CFCs were banned in the US 
in 1978. After the efforts of UNEP (United Nations Environment Program) the Montreal protocol of 
1987 mandated a step by step reduction of the CFCs used by major producers. The developing 
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countries, however, did not sign. Afterwards, however, thanks also to the constitution of a fund for 
financial support to the efforts in the field, also the developing countries signed the protocol. The 
CFCs and HFCs (hydrofluorocarbons, which too are responsible for depleting the ozone layer)  
production peaked in the 90es, but afterwards declined. HFCs production should cease by 2030-
2040. Notwithstanding the emissions reduction the hole in the ozone layer will still grow, and is 
expected to recover only after the half of this century. Since the global reaction came late, after the 
limits had already been surpassed, the effects of emissions will last for years and there will be a 
period of small protection from UVB radiations.  
The other major step in the field of international cooperation so far has been the Kyoto 
protocol, which entered into force on 2005 and whose targets, pertaining to the reduction of 
emissions of greenhouse gases, refer to the period 2008-2012. Even if on the one hand the targets 
agreed upon appear too modest with respect to the problems involved, while on the other the 
functioning of the mechanism is also adversely affected by the fact that the United States did not 
ratified
15, this agreement provides the essential architecture for further steps. Among the most 
relevant features of the Kyoto protocol there is the emphasis on “common but differentiated 
responsibilities”, meaning that mainly the developed countries must bear the brunt of implementing 
policy interventions. The equity problem has thus been addressed. A second relevant feature is the 
resort to market based mechanisms (such as emission trading) that should minimize the costs of 
reaching the desired emission reduction and attract private sector participation in the efforts.  
The challenge nowadays is to prepare a more far-reaching agreement for the period after 
2012. The Bali conference of December 2007 marked a partial success in providing a road map for 
reaching this result. The language of the Bali agreement is, however, quite vague and even this 
small step proved difficult to achieve. 
 
5.3 The autonomous social initiatives 
 
The demand for a cleaner and more sure environment is certainly rising, and this can be seen 
in many ways. The electoral success of candidates in important elections is nowadays conditioned 
by environmental considerations (as in the 2007 presidential elections in Australia); important areas 
of the world (such as the EU) experiment market mechanisms for reducing emissions; even in 
countries, like the US, in which the environmental problems have been downplayed by the Federal 
Government, single states (like California), groups of states
16 or parliamentary initiatives
17 foster 
environment friendly policies; the environmental awareness and the resort to government 
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intervention is increasing also in developing countries, like China; multinational firms and 
entrepreneurial organizations perceive the economic impact of the needed changes and launch 
initiatives for voluntary emission reductions; the environmental impact becomes a qualitative 
characteristic of products, certified and perceived by consumers, with relevant effects on the 
market; environmental organizations multiply their initiatives and contribute to the design of styles 
of life characterized by deep ecological concern. 
Certainly the pressures coming from the civil society and from the markets are likely to play a 
decisive role in the nowadays and future responses to environment problems, both by fostering the 
government initiatives at the national and supranational level, and by providing autonomous 
responses. In the latter vein it has been suggested for example
18 that natural public goods be 
entrusted to commons owned by all the potential beneficiaries. The commons would regulate the 
usage through prices and distribute the proceedings to the citizens-owners. A mechanism aiming at 
the same results as the generalized introduction of environmental taxes
19 recently invoked in the 
Nobel Lecture by Al Gore, but less dependent on government intervention, since governments 
would only be involved in establishing and enforcing the relevant property rights. In a similar vein 
of autonomous social initiative the open source approach to research and innovation can support the 
technological transfer to developing countries, help them to “leapfrog” past the wasteful trajectory 
followed by today’s industrialized nations, and accelerate the needed changes. 
Notwithstanding the huge potential of initiatives from below and the crises induced by 
globalization in the effectiveness of national government, it is not clear if the role of the latter is 
likely to shrink or if it is instead still basic in facing the environmental problems. According to 
GEO4, the most desirable scenario (Sustainability First) assumes that all instances (governments, 











                                                 
18 See Barnes, 2006. 
19 Taxes too regulate the usage of taxed goods and the proceeds might be redistributed.   19
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